Mean brachial artery pressures determined by five different non-invasive automatic oscillometric and one auscultatory preferred (oscillometric back-up) blood pressure (BP) monitors were compared with mean arterial pressures (MAP) obtained by cannulation of the radial artery of the same arm. The devices tested all performed similarly, showing a wide range of variation (+ 40% to -29%) compared with the directly measured MAP, and all tended to over-read at low values and under-read at high values. Trend information was generally acceptable, but occasionally was misleading. In addition, using one of the devices, systolic and diastolic blood pressure measurements were compared with those obtained by auscultation. This gives a range of differences from +22 to -25 mmHg for systolic and +20 to -12 mmHg for diastolic BP measurements. (The average fell within 1.0 mmHg of the auscultatory measurement, with a standard deviation of 10 mmHg.) Thus, the automatic oscillometric BP monitors tested were comparable in accuracy to auscultatory BP measurement, and are satisfactory for routine use in the appropriate clinical context. However, in settings where significance is to be attached to individual BP readings rather than to trends, or where a high degree of accuracy is required, automatic oscillometric machines cannot be regarded as satisfactory alternatives to arterial cannulation.
surgery. I Although it is customary to measure BP by auscultation, an invasive method is often used when greater accuracy and frequency of measurement are required. 2 ,3,4 Invasive measurements usually involve an indwelling arterial cannula connected to a pressure transducer and an appropriate electronic device via a network of tubing and stop-cocks. There are many factors (for example changes in natural frequency and the damping coefficient) which determine whether accurate recordings of systolic and diastolic All devices use the oscillometric method to determine pressure with the exception of [vac Vital Check 1160, which is auscultatory preferred, but uses the oscillometric method as a back-up when the auscultatory method is unsatisfactory.
pressures are made. 5 . 6 One study has reported that errors of up to 30 mmHg may be produced by many systems in clinical use. 7 On the other hand, mean systemic arterial pressure (obtained by electrical integration of the waveform) is affected neither by changes in the natural frequency nor by the damping coefficient, and this has led to more frequent recording of MAP in critical care areas.
However, as invasive measurements are accompanied unavoidably by some risk, and require significant medical and nursing expertise, there has recently been much interest in the use of indirect automated BP devices, such as the Dinamap (Critikon Inc., 1410 N Westshore Boulevard, Tampa, Florida 33607, U.S.A.), most of which are able to derive MAP by the oscillometric technique. 8 Several new or updated automated indirect oscillometric BP monitors are currently available in Australia (Table 1) , and are being used in anaesthesia and critical care areas. This Anaesthesia and Infensive Care, Vol. 14, No. I, February, 1986 study aimed to evaluate. these .devices in a clinical situation; first, to assess their accuracy and ability to follow trends by comparing MAPs obtained by them with those obtained by radial artery cannulation, and, second, to compare systolic and diastolic pressures obtained by one device with those obtained by nursing staff using the standard auscultatory technique.
METHOD

Automated devices versus direct pressure measurement
For each of the six devices tested (Table 1) , ten patients had between 289 and 390 comparisons made, both intra-and postoperatively. Thus, the study was comprised of 1947 measurements on a total of 60 patients. With one of the devices, one extra patient with atrial fibrillation was studied (21 measurements). However, the results from this patient were excluded from the statistical analysis. The patients studied were undergoing elective abdominal aortic surgery, and invasive BP monitoring via the radial artery was used as part of their routine anaesthetic and intensive care management. All patients, except for the one in atrial fibrillation, were in sinus rhythm. All comparisons were made on the same arm with the patient in the supine position and the arm horizontal, with the cuff bladder centred over the brachial artery. Cuff width was selected to be about 40070 of arm circumference. All readings were obtained by the same investigator (A1R) with carefully and repeatedly checked equipment. A 20-gauge cannula (Jelco Laboratories, Rariton, U.S.A.) was inserted percutaneously into the radial artery and connected via liquidfilled pressure tu bing 6 to a strain gauge transd ucer (Bell and Howell 4-327-T, Pasadena, California, U.S.A.) and a Hewlett-Packard 78342A preamplifier. The transducer's zero reference was level with the brachial artery of the arm on which the occluding cuff of the indirect measuring device was placed. With each patient studied, the static response of the transducer was checked hydrostatically, and the digital display was shown to be accurate to' within 1.0 mmHg over the range 0-150 mmHg.
Comparative readings were made when the patient's BP was relatively stable. Direct mean pressure obtained from the digital display was averaged over a ten-heartbeat interval and noted. The indirect device was then activated and the mean pressure was recorded. After a short period the intra-arterial pressure was -- 
Automatic device versus auscultation
Measurements were made in fifteen patients using the Medtel HS40. Eighty-five systolic and diastolic pressure measurements were compared with those obtained by nurses using the auscultatory method. The study was carried out in the Intensive Care Unit. The nurse at the bedside was asked to take BP with a mercury sphygomomanometer (Trimline, PyMaH pressure for the two readings were calculated. The nurse then made another auscultatory measurement and the average values of the two measurements of systolic and diastolic pressure made by the nurse were calculated and used for the comparison. Care was taken to ensure that each nurse was unaware of the values obtained by the automatic device.
Statistical analysis
Linear regression analysis and one-way analysis of variance were both performed using a Texas Instruments Tl-59 calculator.
RESULTS The results are represented graphically in Figures 1 to 4 . Figure 1 shows the results for each patient and each test device. Differences between invasively measured and noninvasively measured MAP are shown as a percentage of invasively measured MAP.
Linear regression analysis of the absolute difference on BP for each device yielded regression lines, the slopes of which were all negative and significantly different from zero progressively the lower the direct MAP is evident in Figure 2 , where individual readings are no longer separated and the data for each device were plotted according to a specified range of invasively measured MAP. The results obtained from the patient with atrial fibrillation were not included in the statistical analysis. Figure 3 shows four examples of successive readings in individual patients over a period of time. The examples illustrated four different types of problems encountered, and are not intended to indicate the usual performance of any specific device. In graph (a) trends are followed quite well. In (b) trends are generally well followed. However, there are two periods where significant deviation has occurred. Graphs (c) and (d) show periods when trends are quite well followed, but with significant offsets.
In Figure 4 , the individual patient data are combined to produce a single bar for each automated device. One-way analysis of variance of the data shows that the variations among the mean difference values is small but significant (P<O.OOl). Although the different The shaded bar at right shows the results of a previous study (Runciman et al. 1981) in which systolic and diastolic blood pressure were determined by a group of nurses, the mean calculated and compared with invasively measured MAP. ranges, on superficial examination, might suggest different degrees of scatter of data from individual machines, these differences are well accounted for by the different numbers of measurements made with each machine. The results from the fifteen patients for whom systolic and diastolic pressure comparisons were made with nursing staff are not shown graphically. These produced a range of differences of -22 to + 22 mmHg for systolic blood pressure (mean difference + 0.1, SD 10.7 mmHg) and -20 to + 12 mmHg for diastolic blood pressure (mean difference -0.5, SD 8.5 mmHg).
DISCUSSION
From the experimental design it may be argued that although all comparative measurements were obtained from the same arm, these measurements were taken from different sites and made consecutively rather than concurrently. Some of the discrepancies observed between direct and indirect MAP may be due to this. The possibility of arterial disease between the brachial and radial arteries was considered, but clinically significant arteriosclerosis in this region is uncommon, and in any case the results failed to show a consistent reduction in mean pressure from brachial to radial artery, as would have been expected had this been an important problem. Gravlee et al. 9 have also shown that when MAP is invasively measured in the aorta, brachial and radial arteries, essentially identical values are obtained. As for the different times of measurement, these were made during periods of stable blood pressure and the non-invasive measurements were compared with the average of direct readings taken immediately before and after each measurement, thus minimising this possibili ty.
The pooled data (Figure 4 ) indicate that on average, all six devices tested are within 5 mmHg of the directly measured MAP. This is just within the limit for the performance requirements for electronic or automated sphygmomanometers used in the indirect measurement of BP proposed by the ' Association for the Advancement of Medical Instrumentation (AAMI)*. However, the standard deviations, with the exception of the Sentron (SD 6.8 mmHg), all fell outside the 8 mmHg also proposed as acceptable by the AAMI. These pooled data per device are, however, an average of a large number of comparisons from ten patients and do not give an indication of the large differences from true pressure which a machine may indicate on an individual patient. The clinician would typically act on one and, at most, a few BP values. Our data in Figure 1 show individual patient comparisons. With the use of any of the six devices, it is disturbing to see such a wide variation in the mean difference, standard deviation, and in particular the range of differences obtained when compared with the directly measured MAP. Thus, at any time, anyone of the devices tested may exhibit a MAP which differs from the directly measured MAP by as much as -29070 to + 40%. Although this range of difference may be reduced by rapidly repeated cuff inflation, SylO has documented several cases of ulnar nerve palsy when this practice is used,
The results taken from a patient with atrial fibrillation are difficult to interpret due to significant beat-to-beat variation in the directly measured MAP. Hutton et al.,tt in an assessment of the Dinamap 845, concluded that the internal logic system of this device may be unable to interpret the pressure fluctuations from the cuff if the patient has a severe dysrhythmia, suggesting that the device is unsuitable for use with patients not in normal sinus rhythm.
Although the automated devices generally follow trends in MAP with time, occasional 'lapses' of an unpredictable nature occur. If BPs are within the normal range, then some deviation from the true MAP would generally be acceptable. However, where a patient's BP is likely to vary over a wide range, this unpredictability, especially if it occurs for several consecutive measurements in either the low or high range of direct MAP (Figure 3b) , could leave the operator with a false sense of security. In other words, there is a danger that the anaesthetist may place too much reliance on the measurements obtained by these devices, which could lead to a failure to rely on clinical observation or judgement.
Although it is well accepted that BPs obtained by listening for Korotkoff sounds are prone to inaccuracies, it is still regarded as the accepted method for determining BPs in patients who are relatively stable in the normal BP range. In this study it was shown that systolic and diastolic pressures obtained by nursing staff fell, on average, within 1.0 mmHg of those values obtained by one of the devices. In a previous study carried out by the authors,6 MAP (derived by dividing by three the sum of the systolic blood pressure and twice the diastolic blood pressure) obtained by nursing staff in the intensive care unit was compared with the MAP obtained by direct cannulation of the radial artery. The results of that study, which are incorporated as a shaded bar in Figure 4 , indicate that there is no significant difference (P>0.1) between MAPs obtained from all the automated devices and those obtained by nursing staff, suggesting that for routine measurements of BP either method of determination is acceptable.
CONCLUSIONS
The six devices studied have definite limitations. It was originally hoped that these non-invasive devices would in many situations replace the need for direct arterial monitoring. Our data have indicated that they are least reliable when needed most, suggesting that if direct monitoring of a patient's arterial blood pressure would normally be indicated because of a clinical need for great precision, these devices are not a satisfactory alternative. We can see a use for them only as labour-saving devices for routine cases where no complications are expected, and with relatively stable patients where nursing staff BPs would normally be relied upon.
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